colleagues [2] led to a new idea about temporal aspects of motion processing. While L2 and Tm2 were known to be cholinergic [13] , this study added Tm9 to this list. Intriguingly, T5 expresses both nicotinic and muscarinic acetylcholine receptors. This diversity comes with an attractive hypothesis: the presence of fast ionotropic and slow metabotropic signaling could enable differential delaying of signals, a key step in motion detection. While a test of this appealing hypothesis remains ahead, this idea imposes specific requirements. For example, the distribution of nicotinic and muscarinic receptors should match the synaptic subfields on T5 dendrites and disrupting either pathway in T5 should interfere with dark edge motion detection.
In summary, anatomical and molecular studies have provided a wealth of valuable ideas and information about the circuits that implement motion detection [2, 16] . Testing the predictions made by this work will undoubtedly lead to exciting times, and move the field towards a complete understanding of motion detection, and of the relationship between anatomy and function. In most animals, the numbers of rod photoreceptors (the exquisitely sensitive photoreceptors that allow for dim-light black and white vision) vastly outnumber cone photoreceptors (which respond rapidly and are responsible for brighter-light color vision); however, in nocturnal animals the rod/cone ratio is significantly higher [2] . In addition, diurnal animals often have well-defined, cone-rich regions that require brighter light for stimulation but provide high-resolution vision; this is most clearly defined by the fovea in primates and many birds (a central retinal region almost exclusively populated by cones). These cone-rich regions are absent or less well defined in nocturnal animals. The arrangement of the retina in vertebrates means that light must pass through the layers of the inner retina before stimulating the visual pigments within the photoreceptor outer segments. There are adaptations to reduce the amount of light scatter and image degradation as the light passes through the inner retina. For example, the Muller cells are purported to act as optical fibers to guide light through the inner retina, reducing scatter [3] . In addition, the alignment of mitochondria in the cone inner segments also helps to guide light to the outer segments [4] . In those animals with a fovea, the inner retinal neurons are displaced from the fovea (creating the foveal pit), which allows for optimal focus of the visual image onto the foveal cones. And most recently, it has been shown that nocturnal mammals have developed yet another adaptation involving chromatin structure that enhances night vision by guiding the passage of light through the outer nuclear layer (the columns of predominantly rod photoreceptor nuclei) to the photoreceptor outer segments [2] . But, as reported in this issue of Current Biology, Frohns et al. [5] show that this adaptation comes with a cost in the form of a reduced ability to repair DNA damage.
Compelling studies from Solovei et al. [2] demonstrated that in rod photoreceptors of nocturnal mammals, the organization of the nucleus is completely inverted. In all other eukaryotic cells in both unicellular and multicellular organisms nuclear architecture is remarkably conserved such that highly condensed, inactive heterochromatin is positioned in the periphery, at the nuclear envelope and around the nucleoli, whereas euchromatin (which includes regions of the genome being actively transcribed) is positioned more centrally in the nucleus [6] . Heterochromatin is also organized into chromocenters, which are readily visualized by DAPI DNA staining. By conventional microscopy, heterochromatin appears compact and can be defined by well-studied histone markers (H3K9me3 and H4K20me3), whereas euchromatin appears diffuse and can be defined by distinct histone markers (for example, H3K4me3). Because of the high density associated with chromatin compaction, heterochromatin has a higher refractive index to visible light than euchromatin. It is this difference in the ability to diffract light by heterochromatin versus euchromatin that provides the basis for the unique adaptation that occurs in the rod nuclei of nocturnal mammals.
Solovei et al. [2] demonstrated that rod cells in adult mice have small nuclei with a single central heterochromatic chromocenter, with no heterochromatin at the nuclear periphery. This inverted nuclear organization in murine rod photoreceptors is the result of loss of lamins A and C as well as loss of lamin B receptors in developing rod cells, just after birth [7] . During this developmental stage, chromocenters fuse into a single, centrally located chromocenter. The result of this unique nuclear organization is that the dense heterochromatic nuclear center has a very high refractive index, which has the optical effect of reducing light scatter. In fact, more recent studies from a subset of these investigators suggest that the novel nuclear organization in rod photoreceptors of nocturnal animals acts as a 'collection lens' that helps deliver light along the columns of up to 13 rod nuclei to the light sensing outer segments of rod photoreceptors. Thus, rod photoreceptors in nocturnal animals, in essence, exploit the light refractive properties of heterochromatin to improve night vision. But what is the cost of this exploit? Quintessentially, it is an eye for an eye.
The organization of the nucleus into distinct regions of heterochromatin and euchromatin not only impacts gene expression and cellular development but also impacts basic cellular homeostasis pathways. DNA double strand break repair is one example of an important cellular pathway that is highly affected by nuclear organization. The non-homologous end-joining pathway (NHEJ) repairs the majority of DNA double strand breaks (DSBs) in cells of all higher eukaryotes (most cells in higher eukaryotes are non-cycling, post-mitotic cells), whereas, homologous recombination (HR), the other major DSB repair pathway, contributes to repair in cycling cells in higher eukaryotes. Work from the Lobrich and Jeggo laboratories has demonstrated that NHEJ rapidly repairs DSBs in euchromatin (within a few hours); in contrast, DSBs in heterochromatin are more slowly repaired [8, 9] . Whereas core NHEJ factors participate in both the rapid and slow phases of repair, ATM (Ataxia Telangiectasia Mutated) has been specifically shown to function in the slow phase of DSB repair. It has been demonstrated that heterochromatin must be 'relaxed' to facilitate repair, and that damaged DNA in heterochromatin is extruded outside of heterochromatin to facilitate DNA repair [9] [10] [11] [12] .
A signaling cascade that requires ATM phosphorylation of the chromatin-associated protein KAP1 has been defined that facilitates DSB repair in heterochromatin [9] . Although KAP1 is well known for its role in assembly of heterochromatin by recruitment of silencing factors to specific genomic regions, it is also clear that DSB-induced phosphorylation of KAP1 by ATM is required for relaxing heterochromatin to facilitate repair. In fact, a single DSB induces sufficient KAP1 phosphorylation to relax heterochromatin globally throughout the nucleus. Thus, KAP1 phosphorylation might be considered a 'switch' that actively manages chromatin compaction.
In the most recent study, reported in this issue, Frohns et al. [5] examine DSB repair in murine rod photoreceptors. Remarkably, while neighboring cells in murine retinas efficiently repair virtually all DSBs induced by ionizing radiation (IR) within 24 hours (in either euchromatin or heterochromatin), in rod photoreceptors more than 50% of the IR-induced DSBs persist after 24 hours; incredibly, w30% persist after 6 days. This remarkable DSB repair defect was measured both by resolution of gH2AX foci as well as by pulse field electrophoresis, and cannot be explained by lack of expression of core NHEJ factors or by defective ATM activity. (Although both 53BP1 and phospho-ATM fail to form DSB induced foci in rod photoreceptors, other cells in the retina that proficiently repair breaks have similar deficiencies in 53BP1 and ATM foci formation.) To dissect the basis of this profound repair defect, studies of repair in NHEJ-deficient SCID mice as well as ATM-deficient mice were performed. These studies suggest that the slow NHEJ repair that resolves DSBs in heterochromatin is missing in rod photoreceptors. This then prompted an examination of factors involved in heterochromatin relaxation. The authors provide a plausible mechanistic explanation for the lack of repair that first includes restricted expression levels of KAP1 in rod photoreceptors. Even more, the KAP1 that is expressed in rod photoreceptors is not phosphorylated in response to DSBs. A potential explanation for lack of KAP1 phosphorylation is a relative overexpression of SPOC1 in rod photoreceptors; SPOC1 has been shown to impede KAP1 phosphorylation [13] . Thus, without KAP1 phosphorylation, the central heterochromatin remains tightly compacted and DSBs remain for many days post-irradiation.
There are several important take-home messages from this work.
First, these studies reinforce an emerging consensus that heterochromatin presents an intractable barrier to the NHEJ pathway. Repair of DSBs in heterochromatin requires controlled relaxation, perhaps by relocating the damaged DNA outside of the heterochromatin [9] [10] [11] [12] . Remarkably, rod photoreceptors have evolved a mechanism to squelch DSB-induced relaxation of their unique central heterochromatin organization, abandoning the requisite (at least for most cells) NHEJ pathway of DNA DSB repair. One might expect that nocturnal mammals would be more prone to diseases associated with deficient DSB repair (e.g., tumor predisposition). Although this has not been rigorously studied, there are no obvious examples of over-representations of retinal tumors in nocturnal animals (cats and mice) compared to diurnal animals (horses, cows, and pigs). The fact that highly differentiated rod photoreceptors can afford this controlled lack of DSB repair underscores how refractory post-mitotic, differentiated cells are to the effects of agents that induce DSBs.
In sum, for a mouse, it seems that protection of the retinal genome is less important than being able to see in the dark. Evolution: A Collection of Misfits Different strains of one genetic model species after another are turning out to have limited abilities to interbreed, as if they were on the way to becoming different species. Are model organisms aberrations, or are the first steps in speciation easier than they seem?
Clifford Zeyl
Biodiversity has inspired the field of evolutionary biology since its inception, yet a broadly satisfying explanation of how new species evolve remains a work in progress. A genetic basis for not sharing alleles must somehow emerge from one allele-sharing population. If this requires multiple mutations, even a little interbreeding will distribute them too widely for any one lineage to keep them to itself. On the other hand, if a single mutation is enough, it won't be passed on because the lonely mutant will find no compatible mates. The most widely accepted solution has been that a physical barrier must divide the ancestral population into future species, though it isn't obvious why subsequent changes in both should leave them genetically incompatible. But genetically incompatible variants have recently been found circulating within natural populations of three very different species that for years have served as model organisms for genetic research: the plant Arabidopsis thaliana, the nematode Caenorhabditis elegans, and the familiar fruit fly. Now, as reported by Hou et al. [1] in this issue of Current Biology, comes evidence from a study combining classical genetics and high-throughput genomic technology of a similar sort of abundant raw potential for speciation in a fourth major genetic model organism, budding yeast.
The new study began with a round of crosses between the widely used lab strain S288c and each of 60 strains sampled around the world from just about every environment in which Saccharomyces cerevisiae has been found. From each cross, Hou et al. [1] derived sets of four spores by meiosis from single hybrid cells, separated the spores, and allowed each one to germinate and form a colony. The reward of this procedure is the certainty that for any genetic difference between the parents, each parent's variant will always be inherited by exactly two of the four spores. Here the phenotype of interest was a failure to germinate or form a colony, which was interpreted as the consequence of inheriting something from each parent that when brought together was a fatally dysfunctional combination. With over one-quarter of the strains they
